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It has long been known that in the stallion, bull, boar, and in
males of other mammals in which one testicle failed to descend into
the scrotum the removal ofthe singledescended testis is not followed
by the usual castration changes; the development or retention of
normal psychical tendencies indicates that the undescended testicle
secretes hormone. The studies of Bouin and Ancel' at the turn of
the century likewise revealed that the accessory reproductive organs,
dependent upon testis hormone for their functional state, were nor-
mally and fullydeveloped in cases of double cryptorchidism. Bouin
and Ancel emphasized the fact that in the absence of the germinal
epithelium of the testis the interstitial cells of Leydig apparendy
constituted an interstitial gland which was the source of the hormone
of the testis. Largely through the influence of this school, the notion
has arisen that the interstitial gland is the sole source of testis hor-
mone and the paper of Bouin and Benoit2 reviews some of the gen-
eral arguments prevailing for this opinion after a quarter-century of
investigation.
Many investigators, however, have failed to be convinced that
testis hormone secretion is restricted to the interstitial cells of Ley-
dig. Somevertebrate testes are notcharacterized by an obvious inter-
stitial glandular cell mass but possess rather sparsely distributed
connective tissue cells in the intertubular spaces. Because of this
difference and the many close correlations between spermatogenesis
and the rise of the accessory reproductive characters, especially in
strictly seasonal breeding animals, some investigators prefer to allo-
cate the source of testis hormone to activities within the germinal
epithelium rather than to the interstitial tissue.
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With the employment of more refined and more rapidly applied
indicators for testis hormone it became apparent that the capacity
of the experimentally produced cryptorchid testis to secrete hormone
was quite undiminished during the period of rapid elimination of the
germinal epithelium, the destruction of which is due to higher tem-
peratures of the abdomen, or during short periods after its elimina-
tion.4' 8 This was further indication that the germinal epithelium
was not concerned in the secretion of the testis hormone.
Throughout the early period of extraction and purification of the
male hormone the question was ever present whether the testis
secreted one or more substances as its internal secretion. The fact
remained that as rapidly as each new test for male hormone was per-
fected extracts of testis tissue, and later crystalline androsterone
and testosterone, restored all of the male sexual characteristics
which were modified subsequent to castration. Different dosages,
however, were required for the repair or maintenance of the differ-
ent end-organs, thus denoting characteristic threshold responses.
With the further study of castration changes in the pituitary
gland, described 'by Addison as early as 1917, the suggestion arose
andwasdefendedthat the testis secreted at least two hormones. One
of these, a steroidal type substance, presumably took origin from the
interstitial cells and had its province of action on the accessory repro-
ductive organs; the second was presumably a water-soluble substance
that was contributed through the activities of the germinal epi-
thelium and exercised its controlling functions upon the pituitary
gland.', 6 9 14, 15
As a consequence of attempted repetition of experiments of
previous investigators, and the results noted in a study of hormone
secretion 'by the experimental cryptorchid testis, Nelson"0 suggested
that some of the differences in interpretation were caused by the lack
of appreciation of the thresholds of the different hormone indicators.
He pointed out that as the hormonetiterin the animal bodydropped,
castration changes first became evident in the pituitary gland; this
was followed on further diminution ofhormone bycastration changes
in seminal vesicles, and at still lower hormone levels by evident
effects on the ventral prostate gland. The prostate maintained its
weight and normal sitructure on lower concentrations of hormone.
He visualized thecryptorchid testis as undergoing a gradual diminu-
tion in its rate of hormone secretion progressive with the length of
confinement of the testis in the abdomen.
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The majority of Nelson's animals were autopsied well within the
age of reproduction, after varying periods of cryptorchidism, and
he pointed out that involution of the seminal vesicles was quite
evident within a period of 240 days following elevation of testes
into the abdomen.
The writer has long been interested in hormone secretion by
the ectopic testicle and since 1934 occasional experiments have been
conducted on rats when suitable litters were available, and upon
selected groups of young guinea-pigs, in an attempt to explore fur-
ther the problem of the hormone-secreting capacity of testes devoid
of germinal epithelium. In particular, the experiments were
directed towards the effects of cryptorchidism in early puberal and
prepuberal ages. By 1937 several litters of young rats subjected to
short periods of experimental cryptorchidism had indicated that on
the basis of seminal vesicle weights the hormone-secreting capacity
of the testes was markedly interfered with. Selected short periods
of abdominal confinement of testes were employed between the ages
of 40 and 100 days and it very early became apparent that the aver-
age weight of seminal vesicles, used to indicate the hormonal state
of the animal, was reduced by from 40 to 60 per cent in comparison
with seminal vesicles in normal litter-mates. As the age at autopsy
approached 100 days such decreases in seminal vesicle weight became
less and less apparent and in some cases average weights of these
organs were apparently equal in the two groups. To study this
phenomenon further additional selected litters containing large num-
bers of males were utilized and the period of abdominal confinement
was extended into later periods. It is the purpose of this paper
to present briefly some of the observations made during this study,
but the presentation will be restricted to experiments in which the
rat has been used.
Materials and methods
Albino rats from our active breeding colony provided all animals for the
investigation, and litters containing from four to ten or more males constituted
separate units of control and experimental animals; in all cases comparisons
were made only within the same litter. Confinement of testes in the abdomen
was accomplished through a mid-ventral incision; connections of the epididymis
and the mesentery of the vas deferens to the caudal part of the scrotum were
severed and the testis, with intact epididymis, vas deferens, and all blood and
nerve supply, was placed within the abdomen. The inguinal canals were
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closed with silk purse-string sutures. The control group in each litter was
not subjected to operation. Members of each litter were kept together in the
same cage; hence operated and control animals remained under identical con-
ditions. In addition to some deaths other animals were eliminated at autopsy
because of unsatisfactory conditions; these involved such objectional features
in operated males as twisting of the spermatic cord elements connected with
the testis, possibly inducing some strangulation of blood supply, complicating
adhesions, re-descent of one testis into the scrotum, or infection.
In all animals autopsied a careful dissection of the organs was done under
a wide-field binocular microscope, and weights were recorded for the seminal
vesicles, the ventral lobe of the prostate, two coagulating glands, the dorsal
prostate, and the two testes carefully freed from epididymis tissue (testes
weighed on a triple-beam balance, the other organs on a torsion balance).
Since the weight of the seminal vesicles alone provided a satisfactory index of
the hormonal state of the animal attention will not be directed to other por-
tions of the accessory reproductive organs.
Table 1 presents considerable data for 38 litters. These embraced
101 normal males and 96 experimental cryptorchid rats that were
free of complications at autopsy. The average weights of the pitui-
tary glands were determined in slightly more than one-half of the
litters, especially in those autopsied at the older ages.
Hormone secretion by normal and experimental cryptorchid testes
An examination of table 1 will reveal that testes were elevated
into the abdomen at ages ranging from the 19th day to the 179th
day of life and autopsies were done at ages from day 40 to day 496.
Abdominal confinement of testes ranged from periods of 16 days
to 392 days. The pertinent data shown for each litter may be clari-
fied by brief attention to one litter, such as litter 16. At autopsy
this litter provided four normal and four experimental animals that
were satisfactory in all respects. Testes of the experimental group
were elevated into the abdomen on day 97 and with autopsy on day
140 there was provided a 43-day period of aibdominal confinement.
The average testis weight for the four operated rats was 60 per cent
below the average weight of testis from the four normal litter-mate
controls; the average seminal vesicle weight was 5 per cent below
the average for the controls. The average weight of the pituitary
glands of the operated group was 12 per cent greater than the aver-
age weight of normal pituitaries.
Prior to the examination of these data for evidences of similarity
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or differences in testis hormone secretion, brief attention may be
directed to the structural condition ofthe testes. In the fifth column
from the right of the table one may see that in every litter except one
(litter 35) the average weight of the abdominally confined testes
was from 33 per cent to 74 per cent below the average weight of
testes from the normal litter-mate controls.
It is well recognized that abdominal confinement of testes induces
rapid degeneration and removal of the germinal epithelium, notice-
able within three days after operation, and within a few days there
remain only the skeleltons of tubules containing gradually diminish-
ing amounts of Sertoli tissue.7 In the rat, much more than in the
guinea-pig, the abdominal testis tends to become extremely edema-
tous and in manycases it consists largely of a bag of fluid which often
empties when the restraining tunica albuginea is punctured. Sections
of testes cryptorchid for a year or longer show widely dispersed,
small, seminiferous tuebules containing the characteristic Sertoli tissue
and nuclei, and strands of interstitial cells, separated by wide areas
strongly colored by hematoxylin which represent the fluid-filled
spaces prior to fixation. Because of this edematous condition the
relative decline in weight of the testis, therefore, is a very poor
expression of the loss of germinal epithelium.
The intensity of hormone secretion by the testis is indicated here
solely by weights of the seminal vesides. It may be recalled that
in normal animals the growth of seminal vesicles is slight up to the
age of approximately day 40 when hormone secretion has reached
such proportions (and seminal vesicles have attained sufficient matur-
ity to respond to the hormone"2) as to induce intense activity in these
organs. This activity is expressed structurally by an increase in cell
height of the secretory epithelium of the seminal vesicle and by the
appearance of diagnostic secretion granules. From this early period
the increase in weight of these organs with advancingage is especially
marked." Normal seminal vesicle weight, as shown in table 1,
increases rapidly with age but some variability exists between differ-
ent litters of the same age. This emphasizes the desirability of mak-
ing comparisons of weights of normal and of experimental organs
between members of the same litter.
When one examines the evidence relating to the effects of
abdominal retention on the capacity of the testis to secrete hormone
(data summarized in 3rd column from right in table 1) it becomes
evident that the period from birth to approximately 80 days of age
207YALE JOURNAL OF BIOLOGY AND MEDICINE
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is suggestively different from that at ages above 100 days. In the
first ten litters the average weights of seminal vesicles of animals
subjected to experimental cryptorchidism were markedly lower than
were the average weights of similar organs from normal litter-mates.
With the exception of litter I there is no room for doubt that testes
confined within the abdomen were secreting less hormone than were
those of litter-mate controls. Litter 1 was autopsied at an age coin-
ciding with that at which evident secretion is just beginning to
express itself intensively, and since the percentage difference is small
no particular significance can be attached to this litter.
In litters autopsied at ages from approximately 100 days to the
oldest one, autopsied on day 496, the data fail to demonstrate a con-
sistent trend. Reductions and increases in average weight of seminal
vesicles removed from animals possessing abdominal testes suggest
almost a random sampling or chance distribution; ten litters show an
increase in average weight and 16 show a decrease in the average
weight ofthe seminal vesicles of the operated males.
It thus becomes apparent that although experimental cryptor-
chidism up to ages of 80 to 90 days places the testes at a disadvantage
in secreting hormone, the same condition is not a consistent finding
at older ages. Not only is there lacking a consistent relative decrease
in seminal vesicle weights but in the longer periods of abdominal
confinement the actual weights of seminal vesicles may be as great
as those in normal litter-mates even though they may have resided
in the abdomen for longer than one year (litter 34). Confinement
of testes for periods up to 390 days (litters 36, 37) did not lessen
their capacity to secrete hormone in so far as seminal vesicle weights
can serve as an adequate criterion. Cryptorchidism of one year in
rats does not clearly interfere with hormone-secreting capacity of
these organs. These findings are somewhat at variance with the
results of Nelson, as will be pointed out below.
As these data accumulated gradually it became of interest to
compare the weight responses of pituitaries in the cryptorchid rats
and in the normal litter-mates for any suggestionjit might provide
for hormone secretion by the testes; no cytological study has been
made of pituitaries.
The data in table I indicate in general a predominating tendency
for increase in pituitaryweight in the cryptorchid males of the litter,
although there were exceptions and insignificant deviations. Fur-
thermore, no striking correlation could be noted between the per-
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formance in testis hormone secretion and relative response in pitui-
tary weights. Thus, in litter 28 the cryptorchid rats had an average
pituitary weight 22 per cent above normal litter-mates and the
seminal vesicles were 48 per cent below the weight of normal litter-
mates, while litter 19 revealed reduced pituitary weight in cryptor-
chids 'but an increased seminal vesicle weight. The data fail to pro-
vide clearly defined correlations between pituitary weight and
seminal vesicle weight, hence no suggestion as to performance in
testis hormone secretion was evident from the relative weights of
pituitaries in the different litters.
Gonadotrophic treatment of young normal and of experimental
cryptorchid rats
In order to compare further the hormone-secreting capacity of
scrotal and abdominal testes, ten litters, containing both normal
animals and others subjected to abdominal eleva-tion of testes for
periods sufficient largely to eliminate the germinal epithelium, were
treated with various gonadotrophic agents; all members of each
litter were given identical treatments. Thus all animals could 'be
expected to exhibit more intense hormone secretion than untreated
normal ones provided the hormone-secreting elements were still
retained in the cryptorchid testes. The substances injected-preg-
nancy urine extract (Antuitrin-S), male urine extract (Prospermine),
equine gonadotrophin in purified form (Gonadin), and untreated
pregnant mare serum-were administered at different ages, for dif-
ferent lengths of time, and in different concentrations, but the con-
ditions were the same for all members of a given litter and compari-
sons are made only between litter-mates.
It was usual to start the experiment with a preponderance of the
rats made experimentally cryptorchid because of the marked tend-
ency for the excessive hormone to establish a scrotum by inducing
excessive growth in the inguinal region; not infrequently the exces-
sive local growth would permit the area of inguinal canal closure to
drop down inside the newly formed scrotum and one or both testes
might be subjected to an incomplete scrotal return. All such rats
were discarded at autopsy, and table 2 contains only those that
showed no objectionable features.
From the table it is apparent that in each of the ten litters autop-
sied on day 70 or earlier the average weight of seminal vesicles in the
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intact rats was greater than that in experimental cryptorchid animals.
Again, the abdominally confined testis devoid ofgerminal epithelium
was secreting somewhat less hormone than was the scrotal testis.
A comparison of the average weight of seminal vesicles from the
untreated and the gonadotrophic treated rats, at similar ages
(table 1), reveals greater amounts of hormone secretion by the
treated group; with the exception of litters 2 and 8 (table 2) the
injected rats had seminal vesicles weighing up to five times the
weight of those from normals at similar ages (recorded in table 1).
Hence, the substance Prospermine exerted relatively little stimulat-
ing effect on the testis.
The fact that up to an age of 70 days the seminal vesicles of intact
rats and of those with testes in the abdomen showed relatively the
same proportion, irrespective of whether on the lower level of hor-
mone secretion (unstimulated) or on the much higher one (gonado-
trophic treated) suggests that at these ages the germinal Iepi-
thelium may be contributing to the output of testis hormone. There
is no suggestion that such contribution migh-t be of a different nature
from the hormone secreted by the interstitial cells. In animals over
100 days of age, however, the same indication of a hormonal con-
tribution from the germinal epithelium does not exist, since many
litters recorded in table 1 show heavier seminal vesicles in the crypt-
orchid animals, which are devoid of germinal epithelium.
Discussion
The data presented raise some questions in relation to hormone
secretion by testes under different conditions and the regulation
of the rate of secretion. In the earlier investigations of Jeffries4 it
was not possible to note any change in the rate of hormone secretion
by testes elevated into the abdomen either during rapid elimination
of the germinal epithelium on account of the higher abdominal
temperatures or during the first 60 days of abdominal confinement;
he employed the cytological conditions of ventral prostate and
seminal vesicles to indicate any change. Similarly, in the work of
Moore and Gallagher8 with guinea-pigs, a single remaining testicle
confined within the abdomen for periods up to 8 months appeared
to be secreting a full quota of testis hormone, so far as the electric
ejaculation test was capable of demonstrating it.
Nelson'" presented evidence to indicate that as the period of
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abdominal confinement was lengthened in the rat there was a slow
but progressive loss of hormone-secreting activity. Thus, the first
signs of diminished hormone secretion by the 75th day of cryptor-
chidism were indicated by "castration changes" in the pituitary
gland; by the 240ith day of abdominal confinement further diminu-
tion of testis hormone secretion was indicated by marked reduction
in the weight of seminal vesicles and the beginning of castration
changes. The ventral prostate gland, which responds to still smaller
amounts of hormone, remained essentially normal up to a period
of 500 days, when weight declines became quite evident. In table 1
of Nelson's paper the seminal vesicle weights up to 120 days of
cryptorchidism averaged slightly more than a gram but they were
reduced by the 240th day to 354 mg. and by the 510th day to 57
mg., or very little above the castrate level.
Thedifferences between Nelson's observations and those recorded
here are rather striking and the causes for the differences are not at
all clear. It may be seen from litter 34 that seminal vesides of rats
cryptorchid for 379 days weighed slightly more than one gram and
were somewhat heavier than was the average for normal litter-mates.
The average weights in the five litters cryptorchid for the longest
periods (314 to 392 days) was from 626 mg. to 1010 mg. in com-
parison with the weight given by Nelson for similar periods of
abdominal confinement of from 86 mg. to 125 mg. Thus, in the
present experiments there is neither indication of a progressive loss
of hormone secretion with increasing periods of abdominal confine-
ment, nor is there dear evidence of a trend for abdominal testes to
secrete less hormone than scrotal testes in litter-mates. The fact
that Nelson's operations for experimental cryptorchidism were done
prior to the 44th day of life does not appear to be the cause for the
differences, since in litter 34 the operation was done on day 68, and
after 379 days of abdominal confinement the average weight of
seminal vesicles was not only slightlygreater than in normal controls
but also it was greater than that found in another litter operated on
the 119th day of life (litter 38). Apparently some other unknown
factor in the experiment must be responsible for the differences, such,
possibly, as state of nutrition or condition of health. There is no
suggestion in the present experiments to indicate that still longer
periods of abdominal confinement would change the trend of hor-
mone secretion in such experimental animals. Hanes and Hooker3
report a smaller amount of extractable hormone per gram of tissue
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in cryptorchid pigtestes than in scrotal testes, but nothing was known
as to age of the animals from which testes were removed.
It is quite clear from the experiments of Nelson and from the
observations recorded in table 2 that testes devoid of germinal epi-
thelium will respond to gonadotrophic hormone and secrete excessive
sex hormone. Since this type of response prevails it becomes some-
what difficult to accept such notions as would involve seminal vesicle
involution, denoting a lowered testis hormone secretion, while at
the same time the pituitary would show castration changes, usually
indicating greater pituitary hormone secretion. Such heightened
pituitary activity should immediately restore seminal veside weight
by virtue of stimulation of testes to enhanced hormone secretion.
How many other factors must still be taken into consideration, and
the nature of their influence in the control of hormone secretion, are
questions that deserve consideration. It does not appear that as yet
the proponents of the idea have established an acceptable case for a
separate germinal epithelium hormone. The recent publications of
Tornblom"3, while still supporting the general notion of such a sepa-
rate germinal epithelium hormone significantly discard the previous
notion of it as a water-soluble substance and support the contention
for a lipoidal type substance probably represented by an estrogen.
S,ummary and conlusions
Rats subjected to experimental cryptorchidism for varying
periods between the ages of 20 and 80 days secrete less testis hor-
mone than litter-mates with scrotal testes.
Gonadotrophic treatments prior to day 80 of experimental crypt-
orchid and normal litter-mate control animals, thus increasing hor-
monal stimulation of seminal vesicles to five times the ordinary
weight, also leave abdominal testes in less favorable conditions for
hormone secretion.
At early ages the evidence suggests some participation in hor-
mone production by the germinal epithelium, but no evidence exists
to indicate its possible contribution as being different from the inter-
stitial cell contribution.
Experimental cryptorchidism for much longer periods and at
older ages fails to modify the hormone-secreting performance in
comparison with scrotal testes, in so far as seminal vesicle weight is
an indication.
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Periods of abdominal confinement for a year and longer do
not apprecialbly interfere with hormone secretion in comparison with
litter-mate normal controls.
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